To compare the results of percutaneous local ablative therapy (PLAT) with surgical resection in the treatment of solitary and small hepatocellular carcinoma (HCC). Summary Background Data: PLAT is effective in small HCC. Whether it is as effective as surgical resection in the long-term survivals remains unknown. Methods: We conducted a prospective randomized trial on 180 patients with a solitary HCC Ϲ5 cm to receive either PLAT or surgical resection. The patients were regularly followed up after treatment with physical examination, blood, and radiologic tests. Results: Of the 90 patients who were randomized to PLAT, only 71 received PLAT because 19 withdrew their consent. Of the 90 patients who were randomized to surgical resection, a single Couinaud liver segment resection was carried out in 69 patients, 2 segments in 16 patients, and 3 or more segments in 3 patients. Ethanol injection was given during open surgery in 2 patients. Only 1 patient died after surgical resection within the same hospital admission. Posttreatment complications were more often and severe after surgery than PLAT. The 1-, 2-, 3-, and 4-year overall survival rates after PLAT and surgery were 95.8%, 82.1%, 71.4%, 67.9% and 93.3%, 82.3%, 73.4%, 64.0%, respectively. The corresponding disease-free survival rates were 85.9%, 69.3%, 64.1%, 46.4% and 86.6%, 76.8%, 69%, 51.6%, respectively. Statistically, there was no difference between these 2 treatments. Conclusion: PLAT was as effective as surgical resection in the treatment of solitary and small HCC. PLAT had the advantage over surgical resection in being less invasive. 1 Although the majority of cases are still found in Asia and Africa, recent evidence has shown that the incidence and mortality rate of HCC are rising in North America and Europe.
H epatocellular carcinoma (HCC) is the fifth most common cancer in the world. 1 Although the majority of cases are still found in Asia and Africa, recent evidence has shown that the incidence and mortality rate of HCC are rising in North America and Europe. 2, 3 The prognosis of HCC is generally poor. Partial hepatectomy remains the best hope for a cure but is suitable for only 9% to 27% of patients. 4, 5 The presence of significant background cirrhosis often precludes liver resection in patients with HCC. Recurrence of tumor within the liver remnant is also common in patients who have undergone "curative" liver resection. 6 In the past 2 decades, percutaneous local ablative therapy (PLAT) has emerged to be a safe and effective treatment of small HCC. 6 Unfortunately, the use of percutaneous ethanol injection (PEI) was shown to be associated with a high post-treatment recurrence within the liver, exceeding 50% in 2 years. 7, 8 Recently, various thermal ablative therapies have been developed, of which percutaneous radiofrequency ablation (RFA) has attracted the greatest interest and popularity because of its efficacy and safety. 6 Cohort studies have shown RFA to give encouraging results in terms of tumor control, with complete tumor ablation rates of 90% to 95%, and low local recurrence rate of 5% to 10%. 9 -13 The treatment has also been shown to be safe, with a 3-year survival rate of 62% to 68%. 10, 13 Prospective randomized studies have shown RFA to be better than PEI in producing a higher rate of complete tumor necrosis with fewer number of treatment sessions. 14, 15 The local recurrence rate was lower 14 and the survival better. 16 In a recent review article on PLAT, a plea was made to conduct a prospective randomized study to compare RFA with surgical resection for small HCC. 6 
PATIENTS AND METHDOS
Between November 1999 and June 2004, 180 patients with solitary HCC Ϲ5 cm in diameter were randomized to receive either PLAT or surgical resection. During this period, there were 3775 patients with HCC hospitalized in our hospital.
The diagnosis of HCC was based on the diagnostic criteria for HCC used by the European Association for the Study of the Liver. 17 The diagnosis of HCC was made when 2 radiologic imaging techniques showed typical features of HCC in a patient with an elevated alpha fetoprotein level Ͼ400 ng/mL, or in the absence of the criteria cytologic/histologic diagnosis of HCC.
Inclusion criteria for this study were as follows: The decision whether to include the patient into this study was made by a multidisciplinary team of doctors coming from different departments. For patients who met the inclusive criteria, informed consent was obtained from the patient before randomization. This study was approved by the Ethical Committee of Cancer Center, Sun Yat-Sen University.
Randomization was done by using random numbers generated from a computer in a central registry for this study.
PLAT
For PLAT, we first treated our patients with RFA by using a commercially available system (RF 2000; RadioTherapeutics, Mountain View, CA) and a needle electrode with a 15-gauge insulated cannula with 10 hook-shape expandable electrode tines with a diameter of 3.5 cm at expansion (LeVeen; RadioTherapeutics).
The procedure was done using local anesthetics, intravenous sedation, or lumbar epidural anesthesia if the patient preferred it. If needle biopsy needed to be done, it was performed before the RFA. RFA initiated with 10 W of power, and the power was increased 10 W per minute to 90 W. RF was applied until either there was a marked increase in impedance or 15 minutes had elapsed. If a marked increase in impedance was not achieved, a second application of RF was given. Up to 3 applications of RF were given in the treatment session. For tumors larger than 3 cm or unsatisfactory needle placement, more placement of needle was necessary. During RFA, a hyperechoic area was observed around the electrode tip on ultrasonic monitoring. The aim of the treatment was to have this hyperechoic area covering a larger area than the HCC.
Surgical Resection
Surgery was carried out under general anesthesia using a right subcostal incision with a midline extension. Intraoperative ultrasound was routinely used. We performed anatomic resection aiming at a resection margin of at least 1 cm. Pringle's maneuver was routinely used with a clamp/unclamp time of 10 minutes/5 minutes. Hemostasis on the raw liver surface was done with suturing and fibrin glue.
Follow-up
A dual-phase spiral computed tomography (CT) was done 4 weeks after treatment and thereafter every 2 monthly in the first 2 years. At each of these follow-up visits, blood tests including liver function tests and serum alpha fetoprotein were done. Chest radiography was done every 6 months. The follow-up visits were spaced out to once every 3 months after 2 years.
Residual viable tumor tissue was considered to be present on the first CT assessment at 4 weeks after treatment if enhancement areas were seen within the tumor at either the arterial or the portal venous phase. Magnetic resonance imaging was carried out if CT was uncertain about whether there was residual viable tumor tissue. Additional treatment with RFA or PEI was given. If residual viable tumor was still present after repeated treatments, transarterial chemoembolization was given.
Operative mortality was defined as death within the same hospital admission after treatment. We also compared the 30-day and 60-day mortality rates between the 2 treatment groups of patients. All adverse events after treatment were recorded. Pain was graded as absent or mild if the patient did not require any analgesics or moderate or severe if analgesics were necessary to relieve the pain.
Sample Size
We used tumor recurrence rate at 2 years after treatment to be the outcome measurement to estimate the sample size for this study. Assuming an alpha risk of 0.05, a beta risk of 0.8, post PLAT recurrence to be 30% at 2 years, and post surgical treatment to be 10%, the number of patients needed in each treatment group was estimated to be 60. Assuming a post randomization dropout of 10%, the sample size required for this study was estimated to be at least 70 patients in each study group.
Statistical Analysis
All data were prospectively entered into a computer. Comparisons between the 2 groups were done using the Student t test for continuous data and the 2 test for categorical data. The overall and disease-free survivals were calculated using the life-table method and compared with MantelCox test. The survival curves were constructed using the Kaplan-Meier method. The relative prognostic significance of the variables in predicting overall survival was assessed using multivariate Cox proportional hazards regression analysis. The statistical analyses of the data were performed using the SPSS 9.0 statistical software. Results were given as mean Ϯ SD. All statistical tests were 2-sided, and a significant difference was considered when P Ͻ 0.05. All analyses were done on the intention-to-treat basis.
RESULTS

Patient Groups
The data on the 180 patients after randomization are given in Figure 1 . Nineteen patients in the PLAT group withdrew their consent after randomization. They were all treated with surgical resection; 21 patients received additional PEI or RFA because follow-up CT showed incomplete tumor necrosis. At the end of the percutaneous treatments, 91.5% of patients showed complete necrosis on CT scan. If the initial treatment of RFA was given alone without the additional follow-up treatment with PEI or RFA, the complete necrosis on CT scan was present in only 62.0% of patients, and the subsequent intrahepatic recurrence rate would be much higher. The complete necrosis rate in tumor smaller than 3 cm was 97.3% (36 of 37). Two patients received transarterial chemoembolization to control the disease because residual tumors were found within the liver during the follow-up CT despite repeated treatments with RFA/PEI. As the tumors were increasing in size and had spread within the liver, we decided to use an alternative treatment to control it.
For the 90 patients who were randomized to surgical resection, 2 were found to have disseminated tumor in the liver. Both were treated with ethanol injection. Histopathology in 1 patient showed a focal nodular hyperplasia instead of HCC. The pathologic staging of the resected specimens in the remaining 87 patients correlated well with the preoperative CT staging of the disease; 81 (90%) of these patients had coexisting liver cirrhosis.
The preoperative demographic data of these 2 groups of patients are shown in Table 1 . There is no significant difference between these 2 groups of patients in the factors being analyzed and listed in the table except there were significantly more patients with a raise ALT in the PLAT group. The mean Ϯ SD for the follow-up periods for the PLAT and the surgical resection groups were 27.9 Ϯ 10.6 months and 29.2 Ϯ 11.9 months, respectively.
Survival
We analyzed the survival data of the 2 groups of patients under 2 headings:
Intention-to-Treat Analyses
For the PLAT group, 71 patients who received PLAT were analyzed together with the 19 patients who withdrew their consent after randomization and who received surgical resection. This group of patient was compared with the 90 patients who were randomized to receive surgical resection.
The 1-, 2-, 3-, and 4-year overall survival rates for the PLAT group and the surgical resection group were 94.4%, 79.8%, 68.6%, 65.9% and 93.3%, 82.3%, 73.4%, 64.0%, respectively. The corresponding disease-free survival rates for the 2 groups were 90.8%, 68.6%, 59.8%, 48.2% and 86.6%, 76.8%, 69.0%, 51.6%, respectively. There were no significant difference between the 2 groups in the overall survival and diseasefree survival rates (Fig. 2) . Also, there was no significant difference in the overall and disease-free survival rates between the 2 groups by analyzing tumors smaller than 3 cm, and between 3.1 and 5 cm, respectively (Fig. 3) .
Analysis After Post-Randomization Exclusion
For the PLAT group, 19 patients withdrew their consent after randomization. The remaining 71 patients were analyzed with the 90 patients who were randomized to the surgical resection group. 
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PLAT Versus Partial Hepatectomy for Small HCC The 1-, 2-, 3-, and 4-year overall survival rates for the PLAT and the surgical resection groups were 95.8%, 82.1%, 71.4%, 67.9% and 93.3%, 82.3%, 73.4%, 64.0%, respectively. The corresponding disease-free survival rates for the 2 groups were 85.9%, 69.3%, 64.1%, 46.4% and 86.6%, 76.8%, 69%, 51.6%, respectively. There was no significant difference between the 2 groups in the overall survival and disease-free survival rates (Fig. 4) . Also, there was no significant difference in the overall and disease-free survival rates between the 2 groups by analyzing tumors smaller than 3 cm, and between 3.1 and 5 cm, respectively (Fig. 5) .
A multivariate Cox proportional hazards regression analysis was performed to assess the relative prognostic importance of the variables listed in Table 2 in predicting the overall survival after treatment. Serum albumin was found to be the only significant prognostic factor.
Treatment Mortality and Morbidity
One patient who received liver resection died within the same hospital admission, making a mortality rate of 1.1%. The in-hospital mortality for the RFA group was 0%. The 30-day and 60-day mortality rates for the surgical resection group were 1.1% and 1.1%, respectively. The corresponding figures for the PLAT group were 0% and 0%, respectively.
Major complications happened significantly more often after surgical resection than PLAT (50 of 90 versus 3 of 71, P Ͻ 0.05). Significant postoperative morbidity included liver failure (n ϭ 2), gastrointestinal bleeding (n ϭ 2), moderate/ severe ascites (n ϭ 27), and persistent jaundice for more than 30 days after surgery (n ϭ 19). There were only 3 patients with a mild burn in the skin at the back at the site where the electrode pads were pasted after PLAT. There was no PLAT procedure- related hemorrhage, infection, or needle-tract seeding. Post PLAT fever of over 38.5°C was observed in 8 patients.
Post-Treatment Pain and Hospital Stay
While every patient had moderate/severe pain which required analgesics after surgical resection, only 16 patients required the administration of analgesics after PLAT (P Ͻ 0.05).
The hospital stay after surgery was significantly longer after surgical resection (19.70 Ϯ 5.61) than PLAT (9.18 Ϯ 3.06) (P Ͻ 0.05).
DISCUSSION
Partial hepatectomy is nowadays still considered the "gold standard" of treatment with an aim of providing a "cure" in patients with resectable HCC, good liver function, and good general condition. Recent improvements in perioperative management has made partial hepatectomy safe. 18 The perioperative mortality should be approaching 0% in noncirrhotic liver resection, and it should be below 5% in cirrhotic liver resection. Unfortunately, a significant propor-FIGURE 3. Overall and disease-free survivals for patients randomized to percutaneous local ablative therapy (PLAT, n ϭ 90, including 19 patients who withdrew their consent after randomization and received surgical resection) or surgical resection (SR) for tumors less than 3 cm (A), and between 3.1 cm and 5 cm (B).
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PLAT Versus Partial Hepatectomy for Small HCC tion of patients cannot be offered surgery at the time of diagnosis of HCC. HCC commonly arises from a liver with a background cirrhosis or chronic hepatitis (hepatitis B or C). Partial hepatectomy is often contraindicated because of the patient's compromised liver function and associated comorbidities. Another major drawback of partial hepatectomy is the high postoperative morbidity. Also, the need to excise a significant part of the liver together with the tumor, especially when the HCC is situated in the center of the liver, makes the search for a less invasive procedure with the ability to ablate the tumor completely an attractive alternative. The first attempts in using PLAT to treat small HCC involved the use of ethanol injection. Nonrandomized studies have shown PEI to give a 3-year survival rate of 47% to 77%. 7, 8, 10, 19, 20 Unfortunately, the rate of post-treatment recurrence within the liver exceeds 50% in 2 years. 7, 8 However, the safety and the minimal invasiveness of PEI have made the treatment popular for small HCC in many centers in the world, especially in situations in which surgical resection has high operative risks.
Attempts have been made to compare PEI with partial hepatectomy. As far as we know, there have not been any prospective randomized trials to compare the efficacy of any form of PLAT with surgical resection for an operable-stage HCC in terms of survival. A retrospective study comparing 39 patients treated with PEI and 58 patients with surgical resection for small HCC (Ͻ3 cm each and 3 or fewer in number) reported no difference in 1-, 3-, and 5-year recurrence-free survival and overall survival. 21 In contrast, another large retrospective study of patients with HCC less than 5 cm in diameter enrolled in the Liver Cancer Study Group of Japan found that patients who received liver resection (n ϭ 8010) had better survival than PEI (n ϭ 4037) or transarterial chemoembolization (n ϭ 841). 22 However, these studies were not prospective randomized studies. One explanation for surgery's superiority in the Japanese study 22 may be that the proportion of patients with associated cirrhosis was probably lower in the surgical resection group than in the nonsurgically treated group, even when the same clinical stage of the tumor was compared. Thus, metachronous multicentric carcinogenesis and development of hepatic failure would have occurred less frequently in the surgical resection group. 6 On the other hand, surgical resection may genuinely be better than PEI in the treatment of small HCC. Most surgeons will perform concomitant resection of the whole Couinaud segment containing the tumor, based on the observation that HCC can invade the tributaries of the portal branches and shed tumor emboli into the neighboring branches of the same liver segment. 23 Thus, clearance of the tumor and potential sites of microscopic disease within the liver segment (segment-based anatomic liver resection) will be more complete and more effective for treating small HCC than nonanatomic PEI. 6, 23 Thus, the question as to whether surgical resection is better than PEI cannot be resolved without the use of a prospective randomized trial.
When nonrandomized 9 -13 and randomized 14 -16 comparative studies showed RFA to be a better treatment than PEI, and the survival results of RFA were close to the results achieved with surgical resection, a plea was made that a prospective randomized study be conducted between RFA and surgical resection on patients with resectable and small HCC. 6 We believe this study is the first prospective randomized study on this topic.
Our study showed that the overall and disease-free survivals were the same for patients with a solitary HCC of 5 cm or smaller in diameter treated with either PLAT or surgical resection. However, PLAT has the advantage over surgical resection in causing less post-treatment complications, less pain, and a shorter hospital stay. Our study also showed that for PLAT to be an effective treatment of small solitary HCC, the initial treatment of RFA has to be followed by assessment of viable residual tumor with CT 4 weeks after the treatment. If viable residual tumor is present, another session of RFA or PEI has to be given.
This study can be criticized on the following aspects: first, post randomization exclusion occurred in 19 of 90 patients randomized to receive PLAT. The reason for the exclusion was because these patients withdrew their consent for PLAT. It is still a strong belief by many doctors and patients in China that liver resection is a more definitive treatment to cure cancer. All these patients who withdrew their consent opted for surgical resection instead. We do not think that these exclusions would have affected the results of this study. Second, the mean follow-up for our patients in the study was relatively short, and it was just beyond 2 years. Judging from the overall and disease-free survival curves, we do not think that there will be a significant difference in survivals given a longer period of follow-up. Finally, the sample size of the study was relatively small. However, we FIGURE 5. Overall and disease-free survivals with percutaneous local ablative therapy (PLAT, n ϭ 71) and surgical resection (SR, n ϭ 90) for tumor less than 3 cm (A), and between 3.1 cm and 5 cm (B).
PLAT Versus Partial Hepatectomy for Small HCC do not think that a larger sample size would have affected the results of this study as the survival curves for the 2 treatment groups were almost exactly the same.
CONCLUSION
This prospective randomized trial showed PLAT to give the same overall and disease-free survivals as surgical resection for patients with solitary and small HCC. PLAT has the advantage over liver resection in giving a better shortterm postoperative results because PLAT is a less invasive procedure. 
